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General experimental procedures
DNA oligonucleotide primers were synthesized by Integrated DNA Technologies. DNA sequencing was performed by Genewiz, Inc. Restriction enzymes, T4 DNA ligase, dNTPs, T4 DNA polymerase, and Platinum Pfx DNA polymerase were purchased from commercial sources. PCR was performed with a BIO-RAD S1000 Thermal cycler. DNA gel extraction and plasmid isolation were performed on Omega E.Z. 
Cloning of pksE-KRs
The genes encoding the SgcE-KR, KedE-KR, MdpE-KR, NcsE-KR, and CalE8-KR domains were amplified by PCR from cosmids pBS1006, 1 pBS16004, 2 pBS10004, 3 pBS5013, 4 and pBS14009, 5 respectively, and cloned into pBS3080 6 using the ligation independent method.
PCR was performed with Plantium Pfx polymerase from Invitrogen using the primers described in Table 1 (also see Figures 1 and 2 for structures of the enediynes and protein sequence comparison among the PKSEs and PKSE-KRs). Briefly, pBS3080 was first digested with BsmF1 and purified by gel electrophoresis. The linearized vector was treated with T4 DNA polymerase in the presence of dGTP at 20 °C for 30 min followed by heating at 75 °C for 20 min to denature the polymerase, affording overhangs with complimentary sequences to clone the PCR amplified pksE-KRs. Similarly, each of the PCR amplified pksE-KR fragments was purified by gel electrophoresis and treated with T4 DNA polymerase in the presence of dCTP at 20 °C for 30 min followed by heating at 75 °C. The linearized and T4 DNA polymerase treated pBS3080 vector and the PCR amplified and T4 DNA polymerase treated pksE-KR fragments were then mixed at room temperature, annealed on ice for 5 min, and transformed into E. coli DH5α for ligation independent cloning to construct the KR expression plasmids pBS1134, pBS16014, pBS10019, pBS5053, and pBS14016, respectively. Finally, the above plasmids were isolated from E. coli DH5α and confirmed by DNA sequencing, in which the KRs were produced as fusion proteins with N-terminal His 6 -tags. The genes encoding the DynE8-KR and UcmE-KR were amplified by PCR from the chromosomal DNA of Micromonospora chersina ATCC53710 and Streptomyces uncialis DCA2648 strains, respectively, using the primers listed in Table 1 . The purified PCR products were cloned into pET-28a digested with NdeI and EcoRI to yield pBS14017 and pBS18001.
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Overproduction of PKSE-KRs in E. coli
The expression plasmids for each of the pksE-KR genes were transformed into E. coli BL21 (DE3) and the resultant recombinant strains were grown overnight in 50 mL of LB media containing 50 μg/mL kanamycin. A 10 mL aliquot of the overnight culture was used to inoculate 1 L of LB containing 50 μg/mL kanamycin, which was then incubated at 37 °C with shaking at 250 rpm. Once the OD 600 reached ~0.4, the temperature was reduced to 18°C. After the cultures reached thermal equilibrium, gene expression was induced by the addition of isopropyl β-D-1-thiogalactopyranoside (IPTG) to 0.25 mM, and incubation continued for an additional 18 hrs at 18 °C. E. coli cells were harvested by centrifugation at 3500 x g at 4 °C for 20 min.
Purification of PKSE-KRs
The E. coli cell pellets were resuspended in lysis buffer (50 mM Tris-HCl, pH 8.0, containing 1 μg/mL DNase, 300 mM NaCl, 10 mM imidazole, and 5% glycerol), sonicated (30 × 2 s on ice), and clarified by centrifugation at 15,000 rpm at 4 °C for 30 min. The supernatant was applied to a 5 mL HisTrap HP column and washed with lysis buffer. The column was washed with wash buffer (50 mM Tris-HCl, pH 8.0, containing 300 mM NaCl and 20 mM imidazole) and the PksE-KRs were eluted with wash buffer containing 250 mM imidazole. The purified protein was desalted through a PD-10 desalting column and concentrated with a Vivaspin ultrafiltration device (30,000 molecular weight cut-off). The purity of purified protein was assessed by 12% SDS-PAGE (Fig. S3 ), and the concentration was determined from the absorbance at 280 nm using the molar absorptivity of each protein calculated by Protparam (http://web.expasy.org/protparam/).
Enzymatic activity of PKSE-KRs and chiral HPLC analysis
Each KR (10 μM) was incubated with 5 mM NADPH and 1 mM substrate in a total of 0.5 mL sodium phosphate buffer (100 mM, pH 7.2) at 28 °C for 3 h. The reaction product was extracted using ethyl acetate (3 × 400 μL), and after removal of the solvent, were resuspended in 500 μL of isopropanol. The isopropanol solution was separated using a ChiralCel OC-H column (250 × 4.6 mm) detected by 230 nm on an Agilent 1260 HPLC system. Compounds were eluted at 1 mL/min in 15% isopropanol in n-hexane.
Kinetic studies of PKSE-KRs
Kinetics studies for each KR were conducted spectrophotometrically by monitoring the change in absorbance at 340 nm, due to the consumption of NADPH (ε 340 = 6220 M -1 cm -1
). Assays were performed in the presence of 100 mM sodium phosphate buffer (pH 7.2), 10 μM KR, 0.3 mM NADPH, and varying concentration of substrates (0.05 -2 mM) in a total 
Chemical synthesis of substrates and products
The known compounds 1, 4 and 7 were synthesized following literature procedures. 8, 9 All spectroscopic data and physical properties matched those previously reported (Figures 4, 5, 10, and 11). 8, 9 To a stirred solution of 10 (1 g, 4.9 mmol) in dry DCM (30 mL), TiCl 4 (1.0 M in DCM, 5.4 mL, 5.4 mmol) was added at 0 °C under argon. The reaction mixture was stirred for 5 min and then cooled to -78 ºC. A solution of DIPEA (941 µL, 5.4 mmol) in DCM was added. The reaction mixture was stirred at -78 ºC for 2 h. A solution of aldehyde 11 (700 mg, 10 mmol) was added to the reaction mixture, which was then stirred for 3 h at -78 ºC. The reaction was quenched with 10 mL of saturated ammonium chloride. The layers were separated and the aqueous layer was extracted with DCM (3 × 20 mL). The combined organic layers were washed with brine (20 mL) and dried over Na 2 SO 4 . The solvent was removed in vacuo and the residue was purified using flash column chromatography (EtOAc/hexanes 1:5) to give diastereomers 12 (510 mg, 37% yield) and 13 (416 mg, 30% yield) as yellow oils. 
5:
To a stirred solution of 12 (250 mg, 0.92 mmol) in 5 mL DCM, imidazole (188 mg, 2.76 mmol) and N-acetylcysteamine (219 mg, 1.84 mmol) were added. The reaction mixture was stirred until the yellow color disappeared. The reaction was quenched with 5 mL of saturated ammonium chloride. The organic layer was removed and the aqueous layer was extracted with DCM (3 × 10 mL). The combined organic layers were washed with brine and dried over Na 2 SO 4 . The solvent was removed in vacuo and the residue was purified using flash column chromatography (DCM/MeOH 100:5) to give 5 (129 mg, 61%) as a white solid. (Figures 12 and 13 ).
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Compound 8 (112 mg, 66%) was synthesized from 13 using the method described above. (Figure 14 and 15).
Compound 9 (77mg, 72%) was synthesized from 16 using the method described for 5.
Spectroscopic data for 9.
[α] D 25 = +13.0 (c = 0.27, DCM), the NMR and MS data were identical to those of 6 (Figures 14 and 15 ).
S8
Compound 3 was synthesized from9 using the method described for synthesizing 2. (Figures 8 and 9 ). 
